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ABSTRACT 

Background: Attention deficit/hyperactivity disorder (ADHD) is a complex disorder that affects about 5:8% of 
school-aged children worldwide. Many researchers reported increased prevalence of ADHD among epileptic 
children. Objectives: Detection of the prevalence of ADHD among a sample of Egyptian epileptic children 
attending Al Hussein University Hospital, Neurology clinic, & determination of associated risk factors. 
Methods: A cross-sectional study was performed at Al Hussein University Hospital, Neurology Clinic, starting 
at January 2016 until January 2017. The study was conducted on Egyptian patients aged 3: 18 years with an 
affirmed diagnosis of epilepsy for one year or more. Data was gathered using a questionnaire performed by the 
interviewer. ADHD was diagnosed according to (DSM-IV TR). 

Results: Our study included 160 epileptic children. In our sample 102 patients had Generalized Tonic-clonic 
seizures and 13 had Absence seizures, 45 patients had Partial epileptic seizures. (26.3%) of the epileptic patients 
included had ADHD. We reported that partial epileptic seizure type; duration of epilepsy over 2 years and uses 
of more than one anti-epileptic drug were significantly associated with increased risk of having ADHD, and that 
having Partial epileptic seizures and use of more than one antiepileptic agent were independent predictors for 
ADHD. 

Conclusions: 26.3% of epileptic children in this study had associated ADHD. Partial epileptic seizure type, 
duration of epilepsy over 2 years and use of more than one antiepileptic drug were significantly associated with 
ADHD. 

Recommendations: Further studies are needed on large number of epileptic children. Keywords Epilepsy, ADHD, 
and children. 


INTRODUCTION Governorate. Another study reported that the 

Attention deficit hyperactivity disorder (ADHD) prevalence of ADHD was approximately 6% 
is a complex disorder, which can be seen as a among third grade elementary school children in 
disorder of lifetime, developing in preschool years Assiut City '!, The prevalence of ADHD is higher 
and manifesting symptoms (full and/or partial) in children with epilepsy '!. Population studies 
throughout the adulthood ™. suggested that the prevalence of ADHD among 

ADHD is defined as a persistent pattern of epileptic children is ranging between 12 and 17% 
inattention and/or hyperactivity-impulsivity that [8]. Other studies reported that among children with 
interferes with functioning or development. For epilepsy, ADHD has been found to be ranging 
fulfilling diagnostic criteria, ADHD must be between 20% and 50% of patients ”!. Russ and 
associated with at least six symptoms of inattention coworkers |! reported that the prevalence of 
and/or at least six symptoms of hyperactivity and ADHD was 23% among children with epilepsy in 
impulsivity. Symptoms must be severe enough to the USA. In a community-based study in schools in 
interfere with functioning, must occur in at least UK, Reilly and coworkers l"! reported that the 
two settings (i.e., school and home), and must have prevalence of ADHD was 33% among children 
an age of onset before 12 years of age. ADHD can with active epilepsy. Jones and coworkers "7! 
be subclassified into three subtypes predominantly found that children with epilepsy had statistically 
inattentive presentation, predominantly significantly higher rates of attention deficit 
hyperactive/impulsive presentation and Combined hyperactivity disorder (26.4%) in comparison 
presentation "1, group of healthy children (10%). 

Based on family history, genotyping, and Several mechanisms may account for the high 
neuroimaging studies, there is clear evidence to prevalence of ADHD among epileptic patients, 
support a biological basis for ADHD. ADHD has Kaufmann and coworkers "°! proposed 
prevalence approximately 5 to 8 % of school-aged mechanisms explaining the epilepsy and ADHD 
children ®! and about 2.5% — 4% of adults "4 comorbidity. The first hypothesis is that there are 

Regarding Egypt Farahat and coworkers ©! independent circumstantial factors; both ADHD 
have reported general prevalence of ADHD 6.9% and epilepsy are common in childhood and, 
among primary school children in Menoufia therefore, may occur together. The second 
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hypothesis is that there is a common underlying 
factor affecting neurochemistry and neurogenesis 
such as genetics, biochemistry (possibly 
adrenergic), or gene/environment interaction. The 
third hypothesis is that one condition has direct 
causative effects on the other condition. For 
example, the impact of clinical or subclinical 
epileptiform discharges on vigilance, memory, and 
processing speed "4, the side effects of 
antiepileptic drugs (AEDs) such as topiramate that 
is associated with cognitive dulling "5! and 
phenobarbital, which is associated with 
disinhibition "®!, There is a higher occurrence of 
ADHD Primarily Inattentive subtype in children 
with epilepsy and the reasons for this are not 
altogether clear "!, Multiple factors must be 
considered in the evaluation of a child with 
epilepsy and hyperactivity or inattention. For 
instance, inattention could be due to subclinical 
seizures, undiagnosed learning disabilities, 
disturbed sleep as a result of a side effect of 
antiepileptic medication, or due to an Attention 
deficit disorder H”, 


AIM OF WORK 


To detect the prevalence of ADHD among a sample 


of Egyptian children with idiopathic epilepsy in Al 


Hussein University Hospital, Neurology Clinic, and to 


determine associated risk factors. 


PATIENTS AND METHODS 

A cross-sectional study had been done at 
Outpatient Neurology Clinic at Al Hussein 
University Hospital from January 2016 until 
January 2017. During the period of one year, 
patients were joined to the study until the sample 
size reached 160 patients. The study was 
approved by the Ethics Board of Al-Azhar 
University and an informed written consent was 
taken from each participant in the study. 


Inclusion criteria: 

Egyptian patients aged from 3-18 years with a 
confirmed diagnosis of epilepsy for one year or 
more. Our sample included both males and females 
without discrimination. 

Exclusion criteria: 

Patients aged less than 3 years, as it was difficult to 
diagnose ADHD before this age. 

Patients aged more than 18 years. 

Non-Egyptian patients. 

Patients known to have degenerative disease. 
Patients with a confirmed diagnosis of cerebral 
palsy 

Patients with global developmental delay. 
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Because all these conditions are known to be 
associated with ADHD. Informed consent has been 
signed by the parents/caretakers to participate in 
the research after explaining the purpose. 

All data for the current study have been fulfilled 
(e.g. confirmed diagnosis, EEG findings, Drug 
treatment and response etc). Informations were 
obtained using a pre-tested questionnaire 
performed by the interviewer. The used 
questionnaire contained questions about age & sex 
of children, duration and type of epilepsy, EEG 
abnormalities, current treatment and questions to 
assess ADHD. ADHD was diagnosed according to 
DSM-IV TR diagnostic criteria "*!, Seizures were 
classified using international classification of 
epileptic seizures I, Data were entered in to 
worksheet in Microsoft Excel and were analyzed 
using computer package SPSS 16.0 for windows. 


RESULTS 

This study included 160 children. 112 (70%) 
patients were males and 48(30%) patients were 
female. Table (1) shows age distribution with 
mean age 8.5 years and standard deviation +4.8 
among males, while among females mean age 8.6 
years and standard deviation +4.7. 

Our sample included 115 (71.9%) patients had 
generalized epileptic seizure of whom 102 
(63.8%) had generalized tonic-clonic seizures and 
13 (8.1%) had absence seizures. On the other 
hand, 45 (28.1%) patients had partial epileptic 
seizures. Clinical characteristics of different 
seizure types are shown in table (2). 

As shown in table (3), forty-two (26.3%) 
epileptic patients included in our sample had 
ADHD spectrum disorders. Twenty-one patients 
(13.1%) had combined type of ADHD (ADHD-C), 
Fifteen patients (9.4%) had predominantly 
inattentive type (ADHD-JD and six patients (3.8%) 
had predominantly hyperactive-impulsive type 
(ADHD-H). Table (3) showed the relations 
between sub-types of ADHD with sex, age 
category type of epileptic seizures, duration of 
epilepsy, current treatment and response to 
treatment. 


Table (1): Age Distribution of the Study Population 


























Age Male Female 
(N = 112, 70%) (N = 48, 30%) 

No. % No. %o 
< 6 years 22 19.6 8 16.6 
6-9 years 43 38.3 20 41.7 
10-12 years 31 27.6 16 33.3 
> 12 years 16 14.3 4 8.3 
Mean+SD 8.5+4.8 8.6+4.7 
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Table (2): Clinical Characteristic of Different Epileptic Seizure Types 





























































































































No.of | Generalize Tonic Clonic Absence Partial Seizures [N 
Patients Seizures Seizures 45] Nee 
Total 160 102(63.7%) 13(8.1%) 45(28.1%) 
Sex 
Male 112 82(80.4%) 5(38.5%) 25(55.6%) X2=7.5 
Female 48 20(20%) 8(61.5%) 20(44.4%) P=0.023* 
EEG 
Abnormal 122 82(80.4%) 9(69.2%) 31(68.9%) X2=1.3 
Normal 38 20(19.6%) 4(30.8%) 14(31.1%) P=0.534 
Duration of 
Epilepsy 
< 2 Years 140 88(86.3%) 11(84.6%) 41(91.1%) X2=1.6 
> 2 Years 20 14(13.7%) 2(15.4%) 4(8.9%) P=0.454 
Family History of 
epilepsy 
Present 23 14(13.7%) 1(7.7%) 8(17.8%) X2=2.7 
Absent 137 88(86.5%) 12(92.3%) 37(82.2%) P=0.263 
Current Treatment 
S 114 82(80.4%) 13(100%) 19(42.2%) 
C 19 0(0%) 0(0%) 19(42.2%) X2=44.7 
M 27 20(19.6%) 0(0%) 7(15.6%) P=0.001** 
* Statistically significant difference (p<0.05). S = sodium valproate, C=carbamazepine, M= multiple drugs 
** Statistically significant difference (p<0.01) 
Table (3): Associations between ADHD/AD/HD and clinical characteristics of epilepsy patients 
NOt | ApAe- Apap || @UEP Pl P2 P3 
Patients H 
Sex 
Male 112(70%) |117(51.5%) 112(36.4%) | 4(12.1%) X2=0.57 X2=0.03 X2=0.07 
Female 48(30%) | 4(44.4%) |3(33.3%) | 2(22.2%) P=0.449 P=0.865 P=0.792 
Age 
<10 92(57.5%) |17(70.8%) | 5(20.8%) 2(8.4%) X2=4.7 X2=2.37 X2=0.72 
> 10 68(42.5%) | 4(22.2%) 10(55.6%) | 4(22.2%) P=0.03* P=0.124 P=0.396 
Type of Epileptic 
Seizures 
G 115(71.9%)| 9(47.4%)  |7(36.8%) 3(15.8%) X2=8.43 X2=4.3 X2=2.4 
P 45(28.1%) |12(52.2%) |8(34.8%) 3(13%) P=0.004** P=0.038* P=0.121 
Duration of 
Epilepsy 
< 2 Years 140(87.5%)} 11(44%) 10(40%) 4(16%) X2=14.89 X2=4.45 X2=3.61 
> 2 Years 20(12.5%) |10(58.8%) |5(29.4%) | 2(11.8%) | P=0.001** P=0.035* P=0.058 
Number of Drugs 
Single Drug 135(84.4%)} 12(50%) |10(41.6%) | 2(8.4%) X2=8.57 X2=2.09 X2=7.05 
>One Drug 25(15.6%) 9(50%) |5(27.8%) | 4(22.2%) | P=0.003** P=0.148 P=0.008** 





























G: Generalize epileptic seizure and includes Generalize tonic clonic and absence seizures. P: Partial seizures 


2821 








Co-morbidity of Attention Deficit / Hyperactivity Disorder... 


Partial epileptic seizure [y2=18.7, p=0.001], 
duration of epilepsy over 2 years [y2=27.4, p=0.001] 
and use of more than one anti-epileptic drug [y2=19.4, 
p=0.001] were significantly associated with increased 
risk of having one of ADHD spectrum disorders 
(ADHD-C, ADHD-I or ADHD-H). 

Partial epileptic seizure [y2=8.418, p= 0.004] as 
well as use of more than one anti-epileptic drug 
[y2=8.46, p=0.003] have significant association with 
ADHD combined type (ADHD-C). 

Partial epileptic seizure [y2=4.4, p= 0.04] and 
duration of epilepsy for more than 5 years had 
significant association with ADHD inattentive type 
(ADHD-I). The use of more than one anti-epileptic 
drug [y2=7.03, p.006] had significant association with 
ADHD hyperactive-impulsive type (ADHD-H). 

Multi-variant logistic regression analysis had been 
performed to evaluate the risk factors for ADHD 
spectrum disorders among epileptic children in our 
study, including patient age, sex, type of epileptic 
seizure, duration of epilepsy and number of drugs 
used. 

Our results showed that patient age and sex are not 
significant risk factors for the development of ADHD 
spectrum disorders in epileptic children. 

Results also revealed that risk factors for the 
development of ADHD spectrum disorders in 
epileptic children were: diagnosis of partial epileptic 
seizure [((OR=6.2), (95%CI 2.6-15)], use of more than 
one antiepileptic agent [((OR=6.2), (95%CI 2.6-15.0)] 
and duration of epilepsy more than 2year [(OR=8.7), 
(95%CI 3-25.6)]. 


DISCUSSION 

The current study revealed prevalence of ADHD 
spectrum disorders (26.3%) compared to general 
population values (3.4%) °!, This result is also close 
to the prevalence of (26.4%) that was estimated by 
Jones and coworkers "”!. The prevalence of ADHD 
in our study is consistent with those reported by Russ 
and coworkers (23%) "!, by Gad and coworkers 
211 (29.2%) and prevalence of 29% that reported by 
Ranawaka and coworkers °”, 

Clinical studies suggest a prevalence of ADHD 
among children with epilepsy to range from 30% to 
40% as reported by Dunn and Kronenberger ™*! and 
from 20% to 50% as reported by Williams and 
coworkers "!, 

Our study results varied with the rate of 2.3% 
found by Socanski and coworkers P’! and 33% that 
estimated by Reilly ®!, 

In our sample, the most common subtype of 
ADHD was the combined type of ADHD (ADHD-C) 
(13.1%), followed by inattentive type (ADHD-D 
(9.4%) and lastly the hyperactive impulsive type 
(ADHD-H) (3.8%). This is consistent with that 
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reported by Gonzalez and coworkers '*! that, just 
like in the general population, the most common type 
among epileptic children is combined type. This is 
different from other studies that recorded that the 
inattentive presentation of ADHD appears to be the 
most common in the epilepsy population, such as 
Dunn and Kronenberger ™!, Sherman and 
coworkers °! and Reilly 1%. 

The Number of males was three times as great as 
the number of females (2.3:1) in our study. The male 
to female ratios for the combined subtype (4.3:1), for 
the inattentive subtype (4:1) and for hyperactive 
subtype (2:1). These ratios are similar to ratios 
reported in the literature. 

Our study revealed that male patients were three 
times more likely to develop ADHD, especially in the 
combined or hyperactive/impulsive subtypes. These 
data are consistent with results estimated by Miller 
and coworkers °”, which indicated the male 
predominance (70%), reported for 88 hyperactive/ 
impulsive ADHD patients in the US °”! Those results 
were similar to our findings showing that ADHD was 
significantly higher in males and was most often the 
combined type. This raises the question of etiological 
similarities causing both ADHD and epilepsy. 
Several possible explanations could be made for the 
association between ADHD symptoms and epilepsy. 
These might be neurological dysfunction, seizure 
variables, medication effects or psychosocial 
response to epilepsy. Male to female ratios were 
similar to the figures commonly reported for this 
syndrome [overall prevalence of current DSM-IV- 
like ADHD was 9.2% with a male: female ratio of 
2.28:1] PSI, 

Our study reported that patient age was not 
significant risk factors for the development of ADHD 
spectrum disorders in epileptic children, which is 
quite similar to that reported by Dunn and 
coworkers 9), 

Our study reported significant correlation 
between ADHD (combined and hyperactive- 
impulsive subtype) and partial epileptic seizure type. 
This is different from the findings of Dunn and 
coworkers °! who estimated that seizure type is not 
predictors of symptoms of ADHD. This also varies 
with results found by Hempel and coworkers P” 
who reported that children with intractable 
generalized seizures were more likely to meet 
diagnostic criteria for ADHD. This difference might 
be due to sample variability, as we did not have a 
separate group of intractable epilepsy. Moreover, 
Elisabeth and Daniel ©"! reported that children with 
ADHD inattention type were more likely to have 
localization related epilepsy than generalized 
epilepsy. It is well established that patients with 
partial epileptic seizure type have more frequency of 
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structural cerebral lesions in comparison with those 
with generalized epilepsy. Moreover, the structural 
cerebral lesions are known as one of the etiological 
factors that take part in the ADHD development P”, 
Our results suggested that the ADHD symptoms are 
significantly higher in patients who had epilepsy for 
more than 2 years. This result is similar to that 
reported by Gad and coworkers P". This may be 
due to chronic effects of seizures or prolonged use of 
antiepileptic drugs. This is different from the finding 
of Sherman and coworkers *!, who reported that 
duration of epilepsy is not related to severity of 
inattention or hyperactivity/impulsivity. 
A study reported that there is a significant relation 
between prolonged treatment with Sodium Valproate 
and development of ADHD ™!. Our results revealed 
that use of more than one antiepileptic drug was 
significantly associated with ADHD. This is 
consistent with what reported by Gad and 
coworkers °", This is supported by the findings of 
Williams et al. B4 who noted that children on 
polytherapy had significantly lower verbal and visual 
memory scores than children on monotherapy P“. 
Without information about duration of exposure and 
dosage or blood levels, it is not possible to make any 
conclusions on antiepileptic drugs and symptoms of 
ADHD. In most psychiatric samples, ADHD was 
more common in males than females and is most 
often the combined type. 

Conclusions 


ADHD is a common co-morbid condition among the 
children with epilepsy in our study. Some factors are 
reported to be significantly associated with increased 
risk of having a disorder in the ADHD spectrum: 
Partial epileptic seizure type, duration of epilepsy over 
2 years and use of more than one anti-epileptic drug. 
Having partial epileptic seizures and use of more than 
one antiepileptic agent were independent risk factors 
for the development of ADHD spectrum disorders in 


epileptic children. 


RECOMMENDATIONS 


Further large studies are needed to be performed on 
large number of children with epilepsy to detect the 
prevalence of ADHD among epileptic and to determine 
the nature of the co-morbidity of these two conditions. 
Screening for ADHD should be a part of epileptic 
patient comprehensive evaluation. Further study to 
assess the effect of treatment of ADHD on epileptic 


patients is recommended. 
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